ABSTRACT The selection due to the "healthy worker effect" was estimated from a random sample of the total Finnish population. The sample of 20 000 people was followed for changes in Occupational categories were based on the Scandinavian nomenclature where 11 main occupational classes were distinguished4; the classes were combined into six categories in this study.
survivor population effect was due to changes to another occupational group and to early retirement. These factors had an inverse effect on the survival history of an occupational group.
Epidemiological studies of occupational exposures indicate that the mortality of a working population is often less than that of the total population. The difference is due to a bias called the "healthy worker effect",' which results from a combination of various selective forces at different stages of the individual's occupational history. 2 The purpose of this study is to give quantitative estimates of these selective factors. This assumes a follow-up of both occupations and deaths in a population. Empirical data are taken from Finnish vital statistics.
Material and methods
In Finland statistical data on vital events are based on the National Population Registry. In addition a population census is carried out every 10 years to provide further information on environmental and other aspects of the population. Each person's occupation and date of death are recorded in the Population Registry.
The basic series consisted of a random sample from the total Finnish From 1960 to 1970 3047 entered the working Thus we had five stages in the occupational population. These were mainly young people history (entering, staying, changing, retiring because entering the work force for the first time. There were of ill health, and retiring because of old age). 24 deaths in this population during 1971-5. The Within each stage the series was combined by total mortality of this population was 30% less than occupation into six broad occupational categories, that of the total population (table 3) . yielding a group.
Of the 5375 who stayed within the same occupaThe standardised mortality ratios (SMR) were tional group, 151 died. The mortality was 20% less estimated as the ratio of observed to expected num-than that for the total population (table 4). Those ber of deaths and multiplied by 100. P-values for who changed their occupational group had a low SMRs were estimated by assuming the observed mortality rate (SMR = 70, table 5). Those retiring number of deaths to be distributed according to the aged under 65 had a 30% higher mortality rate than Poisson probability law. the total population (table 6). The mortality of those 
Discussion
More than 100 years ago Ogle described the healthy worker effect,5 relating it to the different requirements of various occupations and individual differences in physical capacity. The selection in entering the work force is commonly called the "healthy population selection effect" and the ability to stay within the same occupation the "survivor population effect."2 Furthermore, the healthy worker effect was shown to affect the different population groups with a different intensity and direction.6-9 In our study we measured the healthy population selection effect by comparing the mortality of those entering the working population with that of the general population. The survivor population effect was measured by the mortality of those staying at least 10 years in the same occupational group and comparing it with the mortality of those not staying in the same category. In addition to the basic mental and physical requirements the selection depends on the environment reflected through the unemployment rate, work supply, health examinations, and fitness tests. All these factors are independent of the occupational exposures, which are usually the objective of an occupational study. Occupational exposures are confounded with the effect on the survival in industry, however.
Even if the healthy worker effect and its components have been known for more than 100 years, there are few quantitative estimates for the effect. Fox and Collier5 followed up the total industrial population exposed to polyvinyl chloride for more than 15 years. They found that the total mortality within five years was only 37 % of that expected. This result is in agreement with several other studies10-'2 that have not taken into account the healthy population selection effect. This bias can be partly assessed by comparing the mortality risks with the length of the follow-up.13-'5 In the study on the mortality of workers exposed to polyvinyl chloride the healthy worker effect had almost disappeared 15 years after entry.5
In this study we followed up a random sample of the total Finnish population for changes in occupations for 10 years, after which we followed the same population for deaths for five years. This scheme allowed us to evaluate the healthy worker effect and its components in the total Finnish population and in any occupational category.
The healthy population selection effect was estimated by comparing the mortality of those entering the work force in the 1960s with that of the total population. The survival in industry was evaluated by comparing the mortality of those entering, staying in, and retiring from work with that of the total Finnish population. The healthy population selection effect was found to be about 30%. The mortality of those entering the work force was 5000 (70/130) of the mortality of those who retired before the age of 65.
The survival in industry was also shown. The mortality of those staying within the same occupational category was 6000 (80/130) of the mortality of those who retired before the age of 65. On the other hand, the mortality of those who changed from one occupational group to another was only 9000 (70/80) of that of those who stayed within the same group from 1960 to 1970. Thus there were two components in the survivor population effect. Those who retired have a high mortality, whereas those who changed occupation are likely to be healthier than the total population. The survivor population effect is reduced when the components with these inverse selective effects are combined. The mortality of those staying in the working population was 8000 (80/100) of the mortality of those who did not stay in the same occupational group. There were differences in the survivor population effect by occupational category. The ratio of SMR for those who stayed in transport to the SMR for those who changed from transport to another group or retired before the age of 65 was 2-2 whereas the corresponding ratio for the services was only 0 4. Fox and Collier'5 found the mortality of men even after 15 years in industry to be 5000 lower than the mortality of those who did not stay in industry. This estimate is equal to that derived from the present series (80/1 10).
The total healthy worker effect can be characterised by the ratio of SMR of those entering the working population to the SMR of those either changing occupational category or retiring before the age of 65. For the total series this ratio was 0 7. The highest ratio was found for administration (1 9) and the lowest for industry (0 4).
The healthy worker effect also depends on the general population distribution by occupation and changes in the distribution. In Finland the occupational structure has changed significantly, especially in the 1960s. The population in agriculture de- creased by about 400% from 35 to 2000 of the active work force and the population in services and in industry increased.16 This may account for some of the differences in mortality between these occupations.
We have also assumed that those working in 1960 but not in 1970 have retired. Some have gone into the non-active work force-for instance, housewives. Their number is likely to be small, however, because of economic expansion and other factors.
For the present purposes a population of 20 000 is small enough to allow a substantial random variation in the results. To reduce random error only the total mortality was considered, and broad occupational categories were used. The crude occupational definition and a lack of attention to cause of death are not likely to show specific occupational exposures, and the results may indicate differences in social status rather than in occupational and working environment. Furthermore, the scheme used did not allow variation in the length of the follow-up, which is also a determinant of the healthy worker effect.2
Within the limits of these crude classifications, however, we were able to find substantial and statistically significant selection into work and selection during the occupational history. Probably for specific occupational and disease groups the healthy worker effect exceeds that indicated by the present figures. It was also shown that the healthy worker effect can be split into several components and that the effect causes either a positive or a negative bias in the occupational studies, depending on the occupational category. The latter fact is only seldom emphasised, partly because the subject of most studies has been an industrial population with a strong and consistent pattern of healthy worker effect. The scheme used in our paper is directly applicable to specific studies affected by the healthy worker effect. 
